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Throughout the livestock industry 
in the western United States, control of 
canid predators was considered to be of 
considerable importance to the livestock 
industry, especially to sheep producers, 
who sufkred high losses from coyotes 
and wolves. In the 19th century, the 
demand for predator control was com- 
municated to Congress and the western 
state assemblies, with the result that 
predator control was provided in western 
states by the Fedcral Bureau of Biological 
Survey in cooperation with state agen- 
cies, and by trappers hired by stockmen. 
Steel traps and poisons were the princi- 
pal methods used for predator control 
during the early years of the program. 
Historically, predacides have been used 
in the United States primarily to control 
wolves, coyotes, and red foxes that prey 
on livestock. Strychnine was employed 
in the late 1800s and early 1900s to col- 
lect wolf carcasses (Quaife, 1973). 
Strychnine drop baits were employed for 
coyote and fox control through the 
1960s. Drop baio consisted oi'strychnine 
rablets put in small pieces of perjshable 
6ats then placed around unpoisoned 
decoy carcasses (Robinson, 1962). bleat 
baits impregnated with a lethal agent, 
either thallium sulfate or Compound 
1080, were used between 1937 and 1972 
(Roh~nson, 1942). Currently, three 
predacides are ~~vnilable for use in con- 
trolling coyotes, foxes, wild dogs, and 
arctic fox. This paper will provide a 
description of these toxicants and the 
current status of their use in predator 
control in the United States. 
Gas Cartridge 
Gas cartridges were developed by the 
former Bureau of Biological Survey more 
than 40 years ago and have been used 
since then to control burrowing rodents 
and canid predators in dms. The  
USDAIAnimal and Plant Health Protec- 
tion Service (APHIS) currently registers 
the Large Gas Cartridge with the EPA. 
The gas cartridge is a fumigant for con- 
trol of coyotes, red foxes, and striped 
skunks (Mephitis mephitis) in dens. It is 
not classified as a restricted-use pesticide, 
so no special training is required for its 
use. The APHIS gas cartridge contains 
two active ingredients, sodium nitrate 
and charcoal. The gas cartridge is placed 
in a den, ignited, and the entrance to the 
dcn is sealed. The  main combustion 
product is carbon monoxide, which kills 
the animals quickly and humanely 
(Savarie et al.. 1980; Savarie. 2002). 
Gas cartridges are used primarily dur- 
ing the spring, when coyotes are rearing 
young and predation on livestock is high- 
est (Till and Knowlton, 1983). I h e  gas 
cartridge poses few non-target risks 
because the dens of target animals can be 
identified by tracks, scat, and animal obser- 
vations and dens selecrively fumigated. 
Because the cartridge contains only 
sodium nitrate and charcoal, the EPA has 
no concern regarding thc environmental 
tare of the cartridge ingredients. The 
nitrate Lr very mobile, and in soil and water 
serves as a plant nutrient source. The char- 
coal is immobile and is slowly degraded by 
microorganisms in soil, whereas in water it 
floats and disperses. Bioaccumulation in 
animal tlssues does not uccur. 
Gas cartridges are ava~lable through 
the APHIS Wildllfe Servlces Pocatello 
Supply Depot and can be purchased from 
Wildlife Services state directors or hard- 
ware stores. 
Sodium Cyanide (M-44) 
Sodium cyanide (NaCN) ejectors 
have been used in predator damage con- 
trol programs since the late 1930s. The 
first device developed was called the 
Humane Coyote Getter, commonly 
known as the Coyote Getter (Blom and 
Connolly, 2003). When the coyote 
pulled on the top of the ejector, a .38 
Special cartridge was fired that ejected 
sodium cyanide into the coyote's mouth 
from a case containing the toxicant. A 
scent attractant was used to draw the 
coyote to the device. The Coyote Getter 
was used in federal predator control pro- 
grams until the 1970s. All predacidal 
uses of sodium cyanide were canceled by 
the EPA in 1972 because of non-target 
hazards. 
In 1975, sodium cyanide was tegis- 
tered by the U. S. Fish and Wildi~fe Ser- 
vice (now transferred to APHIS) tur use 
in the M-44, a device similar to the Coy- 
ote Getter. The  bl-44 consists of a base 
that is placed in the s o u n d  to contain 
the ejector, the capsule holder, a capsule 
containing sodium cyanide, and an ejec- 
tor mechanism with a spring-driven 
plunger that expels the sodium cyanlde 
capsule contents. The capsule holder is 
wrapped with absorbent material that 
contains an attractant scent and pro- 
trudes above the ground. As with the 
Coyote Getter, the attractant draws the 
coyote to the device; when the coyote 
pulls on the top of the bl,44, thc ejector 
is triggered and sodium cyanide is 
ejected into the animal's mouth. APHIS 
currently holds two registrations of the 
?vI-44 device w ~ t h  the EPA. One label is 
registered for control of coyotes, foxes 
and feral dogs that prey upon livestock 
and poultq, threatened or endangered 
species, or are vectors of communicable 
disease. The second label is for control of 
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arctic foxes rhat prey on threatened or 
endangered species in rhe Aleurian 
Islands, Alaska. 
Sodium cyanide is a white granular 
solid thar, when in contacr with carbon 
dioxide or fluids, such as in an animal's 
mouth, forms toxic hydrogen cyanide 
(HCN) gas, which is colorless. HCN 
poisons the cytochrome-oxidase system 
of cells and lethal doses are rapidly fatal. 
HCN is immediately dangerous at 150 
ppm and a concentration of 200 ppm 
will quickly kill a human. Amyl nirrate is 
an effective antidote if used quickly after 
exposure. Non-rarget animals can be 
poisoned if drawn to the device, but few 
of these animals are killed. This rcflects 
the use of specialized lures that selec- 
rivcly attract canids. 
Sodium cyanide used in the M-44 
docs not pose an environmental risk ro 
soil or water. It is moderately stable in 
light, is degraded by soil microorganisms 
to non-derectable levels in about 24 
hours, and has low mobility. Ir is rapidly 
hydrolyzed in water and slowly degraded 
by aquatic organisms. Bioaccumulation 
in animal tissue does nor occur because 
cyanide has low-fat solubility. 
Compound 1080 
blonofluoroacetic acid (Compound 
1080) was first prepared in Belgium in 
1896 bur was not seriously investigated 
as a pesticide unril World War 11, when 
toxicants, such as strychnine and rhal- 
lium sulfare, were nor readily available 
from overseas sources. Compound 1080 
was developed during the 1940s for use 
as a rodenticide. It proved ro be highly 
toxic to canids as well, so 1080 was used 
for both rodent and predator conrrol in 
rhe United Srares beginning in the mid- 
1940s. Compound 1080 replaced thal- 
lium sultate (used beginning in 1937) as 
rhe preferred toxicant in meat bait sta- 
tions uied in Western srates to reduce 
coyore populat~ons rhat preyed on 
domestic livestock. While the two com- 
pounds were considered to be equally 
effective in conrrolling coyotes, 1080 
was preferred because it was cheaper, 
more readily available, and somewhat 
more selective tor target animals (Robin- 
son. 1942). Use ofbair srations increased 
unril 1964, when approximately 16,000 
roxic bait srations were placed by the 
U.S. Fish and Wildlife Service's Predator 
61 Rodent Control program (Comolly, 
in press). After 1964. use of Compound 
1082 declined until 1972, when an 
Execurive Order banned use of 1080, 
sodium cyanide, and other predacides 
&om use on Federal lands and in Federal 
programs. 
Beginning in 19i7,  Compound 
1080 use was pllowed for experimental 
use in livestock protecrion collars. ir was 
also allowed for use in single-dose coyore 
baits between 1983 and 1985 (Connolly, 
in press). In 1985, APHIS received a 
conditional registrarion from the EP.4 
for technical Compound 1080 for use 
only in the Livestock Protecrion Collar 
(LPC). The collar has rwo rubber resrr- 
voirs containing a 1080 solution and is 
arrached around rhe neck of sheep or 
goat in areas where coyotes are killing 
livesrock. When rhe coyote attacks rhe 
collared sheep, it bites the collar and 
receives a lethal dose of the toxicant. 
The LPC is highly regulated. It can only 
bc placed on Livestock in fenced pastures 
by trained and certified applicators. Use 
of the LPC is highly selective because it 
rargets only those coyotes doing the 
killing. However, successful implemen- 
tation requires a high level of livestock 
management to direct rhe coyotes to the 
collarcd sheep, and its use is rhereforr 
nor appropriate for many drpredation 
situations. 
Sodium monofluoroacetate is a 
whire, tasteless compound rhat is soluble 
in water. It is absorbed in the gasrroin- 
tesrinal tract, where it is meraboli:ed to 
fluorocitrate, blocking the Krehs cycle. 
Death results wirhin 24 hours from car- 
& . , SIC arrest and/or central nervous system 
failure. A wide variation in toxicity 
exisrs between different species, with 
grearer toxicity to mammals than to 
birds, and with very low toxicity to fish. 
Canids are among rhe most sensitive 
species. The use of 1080 in the Livestock 
Protecrion Collar allows little exposure 
to nonrarger species; therefore, the 
potential for primary or secondary haz- 
ards to nun-carget specles is low. Envi- 
ronmental hazards of 1081) are also min- 
imal, both because ot its limited and 
selectivc use and because of its chemical 
characteristics. Compound 1C80 is 
degraded by soil microorganisms within 
one to two weeks. Ir is nor hydrolyzed in 
water but undergoes a slow degradation 
by aquaric organisms; mobiliry is high 
because of its solubility. 
Predacide Risks 
blosr pesticides hold some potenrial 
for risk to wildlitel bur currently regis- 
tered canid predacides are generally very 
safe, especially when compared to other 
pesticides. Several factors limit risks ro 
wildlife, incloding: ( I )  safeguards pro- 
vided by the registration process; (2)  rhe 
low volume of use of these pesticides; (3) 
the limited area ofapplication; (4) speci- 
ficiry in the action of these pesricides; 
and (5) the fact rhar the pesricides are 
targeted to specific animals or s~tuacions. 
Considering the first point, the EPA reg- 
istration process lends a large degree of 
safety to pesticide products by requiring 
exrensive data on producr chemistry, 
human health hazards, environmental 
fare, and toxicity to nontarget birds, fish, 
and invertebrates. In addition, for verte- 
brate pesticides, the EPA frequently 
requires efficacy and non-target hazards 
data not generally required for other 
types of pesticides (Fagerstone et al., 
1990; Ramey et al., 1994). 
The second characteristic thar pro- 
vides a margin of safety for vertebrate 
pesticides is rhe low volume of use com- 
pared to insccticides, fungicides, and 
hcrhicides. The total use ofpesricides in 
the United States (for residential, agri- 
cultural, and other uses) averages 1.2 bil- 
lion pounds (Fagerstone, 2002). Use of 
canid predacides is an insignificant por- 
tion of pesticide use. To illustrate, m 
2000, the Wildllfe Services program used 
only 352 pounds of sodium nitrate in 
csnrd fumrgants and less than one p u n d  
of Compound 1080 in the LPC. Wildlife 
Services and state cwperarors used less 
than 200 pounds of sodium cyanide in 
the bL-44 (compared to about 215 mil- 
lion pounds of sodium cyan~de used cach 
year in mining operations). Another fac- 
tor limiting risk from canld predacides is 
the use pattern of the vertebrate pesti- 
cides. blost are used in very limired 
areas, such as the gas cartridge (placed in 
dens), the M-44 (placed on paths fre- 
quented by prrdarors), and the LPC 
(placed around the neck of a few sheep 
in pasrures where livestock depredation 
is occurring). 
Future of Predacides 
in the United States 
Sodium cyan~de, Compound 1080 
and the Large Gas Carrridge are the only 
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contamination of soil and plant materi- 
als from punctured livestock protection 
collars should he insignificant as the 
methylxanthines will be composed of 
biodegradable, natural plant extracts. 
Cost and availability. Pure analyti- 
cal grade methulxanthines, such as caf- 
feine, theobromine, and theophylline, 
are widely available through chemical 
supply sources. The livestock protection 
collar will likely need to contain approx- 
imately six p a n s  of active ingredient. 
For the pure active ingredient, this 
would cost approximately $0.25 per col- 
lar. However, if the predacidr is prepared 
as a crude extract of natural plant mate- 
rials, the cost will likely be significantly 
less. 
Regulatory concerns. All pesticides 
including predacides, must be approved 
for use by the U.S. Environmental Pro- 
tection Agency. Acceptance criteria 
include efficacy, safety, and environmcn- 
tal hazards. As previously discussed, 
plant-derived methylxanthines, such as 
theobromine, should display high levels 
of efficacy and selectivity toward canid 
predators while being environmentally 
benign. Based on these characteristics, it 
is reasonable to infer that a methylxan- 
thine-based predacide should fare well 
with respect to U.S. EPA pesticide-regis- 
[ration criteria. 
Societal acceptance. Historically, 
the fear associated with the use of 
predacides has limited societal accept- 
ance of these compounds. Groups which 
oppose predator control in the United 
Stares have successfully capitalized on 
this fmr to garner support for anti-pred- 
ator control initiatives. Development of 
a predacide based on the active ingredi- 
ents in subsiances that the general popu- 
lation embrace daily (chocolate, tea, cof- 
fee) could permit society to evaluate 
these compounds based on rralistlc ben- 
efits and risks rather than emotion. 
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